INTRODUCTION
The fact that ionizing radiation can cause changes in organic compounds has been known for many years, but it has only been in the last 20-30 years that much work has been done on determining the specific changes in organic compounds produced by nuclear radiation, ot equivalent artificially-produced radiation. 'Indeed, real progress has been made in this field only in the last ten years or so. This revie111 will attempt to cover only radiation changes of a chemical nature in tapure 11 organic compounds produced by ionizing radiation.
1 "Changes"
is perhaps a better word that decomposition since we wish to deal with a · variety of effects observed from irradiation --among which effects are fusion =4= . . 2 . . . (including dimerization and polymerization), molecular fission into many different size fragments, oxidation, 'reduction, rearrangement, and exchanges.
By the term pure organic compounds, we mean to exclude all solution work, and mixtures of organic compounds. Since about half of the papers that have appeared in recent years have dealt with aqueous solutions, and of .the-remaining only a few are purely organic chemical studies, we are dealing with a rather specialized subject. Our subject is, however, fundamental to the effect of radiation on organic compounds in aqueous solution. Changes in organic compounds in aqueous solution are the result of at least three .
.
processesg the direct effect of radiation on the organic compound to pro-.
. . ' · duce new stable molecules; the effect on the organic compound of.the species arising from the water itself; and lastly, the interaction of reactive species perived from the organic compound, either ~ith themselves or with t water and products derived from the water by radiation. Only the first of these ~hree effects is common.to solution radiation chemistry and the data reviewed in this paper. This direct effect is espacially important for '. solution work,as it is an isolation of one of the contributors to the over~all changes o'Qserved in the irradiation of solutions.
We have preferred to avoid irradiation studies made with air-saturated compounds, since the effect of ~gen in particular adds but one more compiieating variable. Such limitations have not always been possible. It should be realized that, ideally, the radiation changes of pure organic compounds can be determined oni.y by eXtrapolation ·to zero radiation time. As soon as a compound is irradiated it will be impure, and the effect of those impurities (2) The term 91 polymer 11 has been used in this review to mean all of the non-volatile products formed during irradiation ~= as useful but not necessarily chemically accurate terminology. The chemical changes in organic compounds described in this review are restricted to thos produced by a, ~ and y rays, and similar articially produced radiation, including cyclotron-accelerated protons, deuterons, and ·helium ions, accelerated electrons above 100 kv, and X-rays. SOme pile irradiation data are also presented. Radiation decomposition produced by cathode-discharge electrons and ultraviolet irradiation are not included in this revie-vr although there are many data on these subjects that are extremely important to this field; cathode-discharge processes·will be briefly discussed in the section on irradiation of gases. Ultraviolet radiation studies provjde an excellent theoretical background for the work described in this review, but the products of ultraviolet irradiation are often quite different. In photolysis studies relatively few excited states will be produced, since energy is by resonance absorption of the light quanta. In radiolysis studies one can assume as a first approximation that all nonforbidden excited states will be formed. In addition the concentrations of excited and ionized species are quite different.
For consistency within this review, all data are presented as G values; much of the earlier v.rork has been recalculated and necessary approximations made where possible. ·The G value for an organic compound is used here to (3) W. P. Jesse and J. Sadauskis, Phys. Rev. 88, 417 (1952) .
~.:
define the number of a specified ion, atom, z:adical, or molecule involved than the lqwes.t excitation potential of the bombarded molecule, and the these effects are very small for the systems considered here, and represent 12 less then one part in a thousand of the incident energy absorbed. The effects of varying dose rate and of using different types of radiation, a, ~'·or Y rays, is usually not predictable.· Changes in either of these two variables can produce concentration changes of reactive species, depending upon the time scale. These result in variatipns in quantity, rather than of type, of chemical products.
A number of such examples may be found in the tables. The G(-M) for self-decomposition of c 1 4-labeled organic compounds is usually larger than for Y or e irradiations, but in a number of these cases this effect could also be due to other conditions, including purity, temperature, time (compound instability), rate of irradiation, and exposure to oxygen (air) and water.
Irradiation of Gases
The only recent comparative study on the irradiation of gases and liquids is the work of Manion and Burton. 18 Table I shows the results of this stuqy,·and there we see that in the gas phase production of hydrogen is greatly depressed and c 2 fragments increased as compared to the liquid state.
· Although·the relative distribution of positive ions formed by electron Table III ... · .. These values were observed after an induction period which could be due in rart to impurities in the ethylene.
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Octadecene-7 ( C:i.8) In an interesting study on a series of cis-and trans-octadecenes with the double bond in most positions, Charlesby 31 has foQ~d crosslink formation is decreased as the double bond is moved avJay from the end of the molecule, and that the trans..;,stereoisomer seems to be about 5% more stable 20 than the cis-isomer. This is in agreement id th one of Pahl 's conclusions from mass spectrometer data that the least stable alkenes are those with the double bond in the one-position. Table VI) Simple aromatic hydrocarbons are one of the most stable classes of organic compounds known. The radiation excitation energy can be absorbed in considerable quantity without bond rupture in these molecules, forming triplet states. In the case of benzene, the lowest triplet state has an 27 32 33 energy of 3.5 ev. ' ' An excellent protection effect is observed in radiation studies of mixtures of benzene with cyclohexane,and this fact should be remembered in the problems of storage of radiation-sensitive isotopic compounds •. · However, this protection was not observed for mixtures of propionaldehyde and benzene-d-6, probably because the lowest excited state of the propionaldehyde lies lower than that of benzene. Even polystyrene shows an unusual stability, as measured by physical properties, to pile irradiation, Organic Halides (See Table VII) The interaction of radition with organic halides,particularly ~he iodides and bromides with a small percent of carbon and hydrogen, •dll certainly be greater with the orbital electrons of the halogen atom itself. 
Aromatic Hydrocarbons (See
Yields relative to an assumed G(l/2 I 2 ) = 4.1 for ethyl iodide decomposition by X-rays. Rend. 226, 1904 Rend. 226, (1948 .
46 have· found no oxidizing age~ts and only traces of m= formed when specially ~ified chloroform is irradiated. The C-C bond is probably more readily broken than the C=F bond by radiat.ion,and indeed Teflon shows almos~ no gas formation on pile irradiation and only crumptin~ of the pOly= . I
. 28
I!ler to a powder on protracted radiation, presumably due to C-C bond :ruptures. This value is rather high, but this may be due to the difference in · radiation.
Amino Acids (See Table IX Table XI) UCRL-2704
The simple quaternary ammonium salt, trirnethylethyl anunonium chloride, is quite stable towards both beta and ganuna rays and has a G (-M) ]'f:iscellaneous Compounds (See Table XII) As we have already seen, the radiation stability of organic compounds can vary enormously in a closed system. Geseous carbon dioxide is one of the most stable compounds observed, probably because o£ back reaction between the 
